Background: In order to maintain homeostasis, ruminants submitted to alternating shortage 12 and refeeding situations manifest switches in metabolic pathways induced by undernutrition 13 and body reserves (BR) replenishment cycles. The objective of this experiment was to study 14 adaptive regulatory mechanisms present during subsequent feeding transition periods and the 15 inherent lipolytic activity of the adipose tissue in individuals with contrasted BR. Three diets 16 containing different levels of energy were offered to 36 mature, dry, non-pregnant Mérinos 17 d'Arles ewes in an experiment lasting 122 days. Ewes were selected with similar body weight 18 (BW), body condition score (BCS) and were allocated into three equivalent treatments 19 according to the plane of nutrition: normally fed (Control); underfed (Under) or overfed 20 (Over). The BW, BCS and individual energy metabolism were monitored. At the end of the 21 experiment, lipolytic activity of adipose tissue was studied through a ß-adrenergic challenge 22 to the same ewes, with body conditions according to the offered diet (Normal, Leans and 23 Fat, respectively).
blood samples (n= 10) were individually drawn from each ewe by jugular venipuncture at ˗15, 159 ˗5, 0, 5, 10, 15, 20, 30, 45 and 60 min. relative to the β-adrenergic challenge time. and continuing throughout the 100 day measurement period (Figure 1 ). Ewes were individually and manually monitored for BW (n= 11) and BCS [10] at 28 and 11 days prior 164 to the experimental period (˗28 and ˗11, respectively), and at day 0, 6, 14, 21, 35, 49, 62, 77 165 and 97 after the beginning of the dietary challenge. Similarly, plasma samples for the 166 determination of metabolites and metabolic hormones associated with energy metabolism (n = 167 18) were taken at 22, 15, 11 and 1 day prior to the experimental period (˗22, ˗15, ˗11 and ˗1, 168 respectively), and at day 0, 1, 3, 6, 8, 10, 14, 17, 21, 35, 49, 62, 77 and 97 following the 169 beginning of the dietary challenge. 170 The close monitoring of ewes (every two or three days) started the day before the dietary 171 changes and lasted until 3 weeks after the beginning of the 100-day measurement period. 172 Following this, approximately two sampling points per month were performed until the end of 173 the experiment (see Figure 1 for details on the experimental design schedule). 174 For monitoring the energy metabolism progression of each experimental group, individual 175 concentrations of plasma metabolites, including non-esterified fatty acids (NEFA), beta-176 hydroxybutyrate (β-OHB) and glucose (GLU), and the metabolic hormones insulin (INS) and 177 leptin (LEPT) were determined according to the protocols described by González-García et 178 al. [3, 4] . Blood samples were taken by jugular venipuncture before the first meal 179 (approximately at 0800 h) on each sampling day. Two 9 mL samples were drawn from each 180 ewe (1 tube with 18 IU of lithium heparin per 1 ml blood and 1 tube with 1.2-2 mg of 181 potassium EDTA per 1 ml blood; Vacuette ® Specimen Collection System, Greiner Bio-One 182 GmbH, Austria). Samples were immediately placed on ice before centrifugation at 3600 × g 183   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 for 20 minutes at 4°C. The plasma was collected and stored at ˗20°C in individual identified 184 aliquots (3 µL) for the metabolite and hormone analyses. Plasma NEFA was measured in 185 duplicate using the commercially available Wako NEFA-HR(2) R1 and R2 kit (manufactured 186 by Wako Chemicals GmbH, Neuss, Germany, and distributed by Laboratoires Sobioda SAS, 187 Montbonnot, Saint Martin, France); intra-and inter-assay variations averaged 4.9% and 3.5%, 188 respectively. Plasma GLU concentrations were measured in triplicate using a commercially 189 available glucose GOD-PAP kit (reference LP87809; manufactured and distributed by 190 Biolabo SAS, Maizy, France); intra-and inter-assay variations averaged 2. 5% average intra-and inter-assay coefficients of variation were 5.4% and 4.8%, respectively.
199
For the ß-adrenergic challenge, the 9 mL blood samples (1 tube with 1.2-2 mg of 200 potassium EDTA per 1 ml blood) drawn from each ewe at each sampling point of the kinetic 201 (n = 10) were placed immediately on ice before centrifugation at 3,600 × g for 20 min at 4°C.
202
Plasma was harvested and stored at ˗20°C until analyses in individual identified aliquots (3 203 µL). Concentrations of plasma NEFA were analysed in duplicate, similarly to the procedure 204 above described. Intra-and inter-assay variation for these samples averaged 4.74% and 205 6.98%, respectively. 207   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Statistical analyses were performed using Statistical Analysis System package (SAS; v. 208 9. 1.3., 2002-2003 by SAS Institute Inc., Cary, NC, USA) [12] . Data were analysed using the 209 PROC MIXED function with repeated measures. The least square means separation procedure 210 using the PDIFF option in SAS was used and the statistical model was as follows:
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Calculation and statistical analyses
where Yijk is the response at time k, for ewe j that consumed a diet at the nutritional plane i, 213 µ is the overall mean, Planei is the fixed effect of the specific nutritional plane i (i = 1-3),
214
Eweij is the random effect of ewe j offered the nutritional plane i, Timek is the fixed effect of 215 time k, (Plane × Time)ik is the fixed interaction effect of the nutritional plane i for time k and 216 εijk is the random error at time k on ewe j offered the nutritional plane i. 217 For the ß-adrenergic challenge database, the NEFA response at each time after challenge 218 was calculated as the change in concentration from basal (-15 min) value as described by 219 Chilliard et al. [13] . The area under the concentration curve (AUC) was calculated by doing a 220 definite integral between the two points or limits at time X, using the following formula:
where B is the y axis value (NEFA concentration) and A is the X axis value (time relative to 223 challenge). The AUC was thus calculated for each ewe for the time intervals 0 to 5 min 224 (AUC05), 5 to 10 min (AUC510), 10 to 15 min (AUC1015), 15 to 30 min (AUC1530), 30 to 225 60 min (AUC3060) and, finally, from 0 to 60 min (AUC060).
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By using the data from the concentration-time plot, we calculated the NEFA elimination maximal amplitude above initial point (NEFAamp). Since we did not have access to the 233 volume diffusion or volume of distribution (V) of NEFA, we used the individual BW of each 234 ewe to determine the clearance rate which was calculated as follows:
where CL is the NEFA clearance rate value from the body of each ewe, K is the slope of 237 the regression line and BW is the individual BW at the adrenergic challenge moment. 
Results
254
The final average individual daily feed balance is shown in obtained. Therefore, plasma INS was higher in the Over ewes, followed by the Control ewes, 283 and was the lowest for ewes in the Under group (Table 4 and 
295
Differences in plasma LEPT were also consistent with the feeding regimen (Over > 296 Control > Under; Table 4 ). As expected, a higher LEPT profile was observed in the Over 297 group throughout the experimental period, and these differences were significantly increased 298 following refeeding (Table 4 and Figure 4 ).
299
At the day of the ß-adrenergic challenge (end of the experiment), significant differences (P 300 < 0.0001) were verified when comparing average BW and BCS of the 3 experimental groups 301 (Table 5; Figure 5 ). As a result of the previous 100 days feeding manipulation period, ewes 302 belonging to the underfed (Lean) group (BW = 37.7 kg; BCS = 1.34) were more than 10 kg 303 lighter than Normal (BCS = 1.79) and overfed (Fat) (BCS = 2.17) ewes (46.2 and 50.9 kg 304 BW, respectively).
305
Basal plasma NEFA (-15 min.) before the β-adrenergic challenge was higher (P < 0.0002) 306 in Lean ewes compared to Normal and Fat groups (Table 5 ). In contrast, plasma NEFA 307   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 from time 15 to 30 min. were very high (r = 0.97); correlations between AUC from time 0 to 333 60 min. and AUC from time 30 to 60 min. (declining part of the curve) were also high (r = 334 0.83; Table 6 ). Correlations between the maximal response and the response at 5, or 10 min., 335 and with the AUC from time 5 to 10 min. were high (ranging from 0.83 to 0.89; Table 6 ).
336
Within BCS groups' correlations between AUC from time 0 to 60 min. and responses at 337 10, 15 and 20 min were higher than those with basal plasma NEFA, or NEFA response at 5, In the next future, sustainability of farming systems will rely on their ability to cope with 343 a reduction of inputs usage (i.e. concentrate, irrigation, fertilizers…). In this context, a better Hence adaptive capacity of ewes fed Under and Over diets will be discussed by direct 354 comparison with the ewes Control responses. We confirmed that offering restricted diets to 355 ewes would induce significant increases in BR mobilisation in order to meet their energy 356 requirements. We also verified that, after partial refeeding, the metabolic plasticity of ewes of 357   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 this breed allowed the BW and BCS to start recover within a period of similar duration to that 358 of the feed restriction, whereas a high restriction of nutrient allowance would temporarily and 359 negatively affect the voluntary feed intake. The highest feed refusal rate was consistently 360 observed in the Under group, mainly after the first 3-4 weeks of feeding of the restricted diet 361 (data not shown). This is likely to be a consequence of a depressed ruminal environment 362 together with low roughage quality, which is known to negatively affect digestion, 363 metabolism and appetite in undernourished ruminants. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 maintain homeostasis. These adaptive processes involve the interplay between several which show that ability to support lactation was related to the ability to mobilise body lipids. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 physiological status and/or when facing the consequences of being reared in fluctuating 458 environments [3, 4] . The NEFA is thus recommended as a good diagnostic tool for health or 459 reproductive interpretations, and we think that it could also be considered as a pertinent 460 variable to be included in models aiming to analyze metabolic plasticity of ruminants when 461 facing variability in feed availability and quality in a given timespan (i.e. individual 462 robustness).
463
In previous works carried out by our team and aiming to characterize the energy 
467
In the present study we evaluated the in vivo method with a β-adrenergic challenge. We 468 confirmed our hypothesis that ewes with different, contrasted BCS would respond differently 469 to a β-adrenergic challenge and that this response could be predicted at a given point (10 after ISO challenge only slightly increased the prediction of these parameters. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The adaptive capacity of a ruminant to an adrenergic challenge alias (i.e. pronounced 482 energy shortage) is expressed by subsequent individual physiological responses at the short-, 483 medium-and long-term timespans. Differences in the amplitude (gap between maximum 484 NEFA response and basal NEFA), turnover (exponential slope when reducing plasma NEFA 485 after maximal response) and length of those specific and combined processes are expected to 486 be consistent with adaptive capacities' differences between individuals reared under similar 487 conditions.
488
A stronger lipolytic potential could be seen as a sight of the ultimate necessity of the 489 animal to compensate their basic requirements by mainly using their BR. Indeed, when facing 490 an undernutrition event (i.e. challenge), a higher and quicker BR mobilization peak 491 (illustrated by plasma NEFA) could be a symptom of the incapacity of the animal to readjust 492 its MER at the short-term. This would be in close relationship with their more or less efficient 493 capacity of regulating (reducing) its feed intake and thus the individual MER, which would 494 mean a higher dependency of their BR per se to cover energy requirements. Thus, under 495 uniform conditions (i.e. same species, breed, physiological state, age, production system, 496 feeding regimen…) less NEFA at a given point after the challenge would means that the 497 animal is less depending from its BR. That individual, with more pronounced NEFA 498 amplitude and quicker NEFA turnover would be, a priori, a better adapted animal when 499 compared to its cohort. Such differences at the intragroup level were observed in our 500 experiment (Figure 7) . This could enable us to the potential effective use of this relative easy 501 and quick method, for contributing to give useful information for identifying existing 502 intraflock variability in individual robustness in practice at a given field situation.
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Conclusions 504
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